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57 ABSTRACT 
A solid propellant rocket motor propellant grain con 
figuration having a center bore of a varying diameter, 
ballistic slots, a stress/ballistic groove, and a burn inhib 
itor band for withstanding service motor operating 
environments and providing the required ballistic pro 
file. 

5 Claims, 5 Drawing Sheets 
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1. 

PROPELLANT GRAN DESGN 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to rocket motors and 

more particularly, but without limitation thereto, to the 
propellant grain design for use in solid propellant rocket 
mOtOS. 

2. Description of the Prior Art 
Because of increased performance requirements relat 

ing to thrust, thrust duration, size and efficiency, there 
is the continuing search for new techniques for im 
proved rocket motors and corresponding ballistic mis 
sile performance. Prior art techniques have not pro 
vided the high performance required for advanced 
weapon systems that must undergo severe operating 
environments of high thrust, high propellant density, 
high operating pressures, high accelerations, and high 
operating temperatures. These and other effects have 
been accommodated by the rocket motor grain design 
of the present invention. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
solid propellant grain design wherein the propellant is 
cast and configured inside the rocket motor chamber so 
as to withstand the severe motor operating environment 
and produce the required ballistic profile. 
Another object of the present invention is to provide 

a solid propellant motor grain design that produces high 
thrust, high operating pressure, high operating tempera 
tures, high acceleration and which operates efficiently, 
reliably and with optimum safety. 
These and other objects have been demonstrated by 

the present invention for use in a loaded rocket motor 
including a chamber, an internal insulator, adapters, a 
propellant inhibitor and the propellant grain. Unique 
features of the propellant grain, which cooperates with 
the motor, are the centerbore design, ballistic fin slots, 
and a stress relief groove. Optionally, a forward stress 
relief flap may be incorporated to further enhance reli 
ability. 
The general manufacturing steps for casting the solid 

propellant in the rocket motor consist of pre-mixing the 
liquid ingredients, mixing liquid and solid ingredients, 
and casting the propellant against an embedded granule 
/adhesive that is coating the insulator. 
The shape, size, position and number of ballistic fin 

slots, center bore, and the stress relief groove are used 
to tailor the ballistic performance of the motor. In the 
preferred embodiment there are 11 fin slots that ex 
tended longitudinally and radially. These fin slots are 
spaced apart and satisfy the ballistic and structural re 
quirements of the motor. The structural requirements 
control the shape of the outboard edge of the slots. The 
stress relief groove reduces the discontinuity stress at 
the case bond interface so that the propellant maintains 
its structural integrity. This groove is also tailored bal 
listically to increase the burn surface and reduce the 
initial post-ignition pressure. The propellant is a rela 
tively soft, low-strength material which is bonded to a 
relatively soft rubbery insulator which is in turn bonded 
to a stiff, high-strength case. 
When the motor is ignited, the propellant is con 

sumed by burning the solid material into hot gases 
which escape through the nozzle. The propellant con 
tains its own fuel and oxidizers plus several other ingre 
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2 
dients to increase the thrust output and to control the 
effects of aging. As the propellant burns, the internal 
dimensions of the propellant grain are increased due to 
the pressure load enlarging the case and to the burning 
phenomenon. Temperature and acceleration loads also 
deform the propellant grain and affect the structural 
integrity of the grain and the case bond system. All of 
these potentially damaging operating characteristics are 
accommodated by the propellant grain design of the 
present invention. The invention will be described in 
further detail with reference to the accompanying 
drawings, wherein: 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an overall pictorial view of the first and 
second stages of a missile including the loaded second 
stage of the solid propellant rocket motor of the present 
invention; 

FIG. 2A is a sectional view of the front and rear 
sections of the rocket motor and propellant grain of the 
present invention; 

FIG. 2B is an enlarged sectional view of the rear end 
of the rocket motor showing the interrelationship of the 
chamber, insulator, adapter ring, nozzle and propellant. 

FIG. 3A is a reduced end sectional view of the motor 
and grain of FIGS. 1 and 2, and shows the circumferen 
tial features of the major fin slots of the rocket motor 
propellant grain of the present invention; 
FIG. 3B is a side elevation sectional view taken at 

3B-3B of FIG. 3A that show the axial and radial fea 
tures of the major fin slots of the rocket motor propel 
lant grain; 
FIG. 3C is a sectional view of the end of the major fin 

slot taken at view 3C of FIG. 3B; 
FIG. 3D is a sectional view of the root of the major 

fin slot taken at view 3D of FIG. 3B; 
FIG. 3E is a sectional view of the chamber, insulator, 

and adapter ring assemblage taken at 3E-3E of FIG. 
3B. 

FIG. 4 are curves showing maximum, minimum, and 
actual rocket motor chamber pressures as a function of 
time. 
FIG. 5 are curves showing the effects of temperature 

on vacuum thrust during the burn time of the missile. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENT 

In FIG. 1 is an overall pictorial view of the first and 
second stages of a missile including the loaded second 
stage rocket motor 11 of the present invention. The 
loaded second stage rocket motor shown in FIGS. 1 
and 2A and B include chamber 13, insulator 15, propel 
lant grain 17, propellant centerbore 19, igniter 21, noz 
zle 23, front skirt 25, and rear skirt 27. Interconnecting 
first stage front skirt 29 and second stage rear skirt 27 is 
interstage cylinder 31 which forms an interstage cham 
ber which contains the second stage nozzle 23, the first 
stage igniter, firing mechanisms and other devices, not 
shown, essential to the operation of the first and second 
stages. It should be noted that the first stage motor 
includes a front skirt 29, and other devices essential to 
the operation of the first and second stages. Forward of 
second stage 11 of the missile are various other missile 
components, not shown, such as a third stage, equip 
ment section, re-entry bodies, and a nose section. 
As best shown in FIG. 2, the second stage rocket 

motor 11 also includes front adapter ring 33, enlarged 
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front chamber section 35, enlarged front insulator sec 
tion 37, and propellant burn inhibitor band 39. The 
adapter ring 33 is positioned between chamber section 
35 and insulator section 37 and includes a snap ring 
groove 41 that contains a snap ring 43 that retains the 
igniter 21 in position. Front adapter ring 33 also in 
cludes a notch 44 that retains insulator section 37 in 
position. 
The purpose of the inhibitor band 39 and the reduc 

tion in centerbore 19 is to increase the final burn surface 
which would otherwise exist due to the shortness of the 
motor. Normally diameter d1 would be constant as 
shown by the broken line 42, and would result in a final 
burn area as shown by brackets 45, resulting in an unde 
sirable low final pressure. By providing the inhibition 
and the reduced diameter d2, the final burn area is as 
shown by brackets 47, which accomplishes close to a 
doubling of area. 

In FIGS. 2B and 3B are shown the rear end of the 
rocket motor and propellant grain 17. The grain in 
cludes fin slots 61 and ballistic grove 63 which are posi 
tioned and have the configuration as illustrated. Also 
provided in propellant grain 17 is nozzle cut-out section 
73 and stress relief groove 75. The nozzle entrance and 
throat sections 77 is positioned within nozzle cut-out 
section 73 and leaves cavity 79 for nozzle movement 
and gas flow. The major fin slot 61 provides more area 
for the initial high pressure surge in the early stages of 
the rocket ignition. The ballistic grove 63 provides 
stress relief and also serves to increase the burn surface. 
Adapter ring 65 is provided between the enlarged 

chamber built-up region 67 and the enlarged insulator 
region 69. As best shown in FIG. 3E, the adapter ring 
65 has a snap ring grove 71 to hold the stationary shell 
72 in position with snap ring 70. The nozzle entrance 
and throat section 77 is mounted on the stationary shell 

4. 
CD=flow factor 
It should be noted that the only significant variable in 

this relationship is the burning surface Sb. Therefore, to 
provide the required pressure curve (P) the propellant 
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72 by means of a flex seal 74 which allows the nozzle to - 
rotate and provide for thrust vectoring. The mechanism 
for locking the insulation to the adapter ring 65 is that of 
locking the end of enlarged insulation region 69 in place 
by a lip that is formed in adapter ring 65. The stress 
relief groove 75 is included to reduce the propellant 
case bond loads by transferring the high load point into 
the propellant and away from the case bond between 
the propellant and the insulator. 

In FIG. 4 are shown the pressure verses time curves 
that are also an indication of thrust or force. The Pena. 
pressure curve represents the maximum allowable 
motor pressure as primarily determined by the mechani 
cal strength of the rocket motor. The Penin pressure 
curve represents the minimum allowable motor pres 
sure that is principally determined by minimum missile 
performance requirements. P is the actual or desired 
chamber pressure which one of a family of allowable 
curves between Pena and Penin. The chamber pressure 
Pc is defined by the relationship: 

Stor 
P = 

where: 
Pe=chamber pressure 
S=burning surface of the propellant 
o=propellant density 
r=propellant burning rate 
A=throat area of the nozzle 
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burning area Sb must vary as a function of time. This is 
achieved by the proper selection of the initial void ge 
ometry of the propellant grain as the centerbore, major 
slots and minor slots as herein described. 

This invention has been described in detail with par 
ticular reference to a certain preferred embodiment, but 
it will be understood that variations and modifications 
can be effected within the spirit and scope of the inven 
tion. 
What is claimed is: 
1. A rocket motor comprising: 
(a) a case which includes a cylindrical chamber hav 

ing hemispherical front and rear ends wherein said 
hemispherical front end has a centrally located 
front opening and said hemispherical rear end has a 
centrally located rear opening; 

(b) a propellant grain positioned within, against and 
bonded by means of an insulator to the interior 
surface of said chamber and said grain includes a 
longitudinal bore that extends from said front open 
ing to said rear opening; and 

(c) said longitudinal bore has a reduced center bore 
segment at the forward end to provide a ratio of 
diameters that in turn provides an increased final 
burn area which is greater than the area provided 
by a constant diameterbore in the forward section, 
and the rearmost portion being a cavity larger than 
the immediately preceding forwardly bore adja 
cent to said cavity, said cavity being adapted to 
receive a nozzle and associated flexible seal means 
between the nozzle and said hemispherical rear 
end, said cavity being fluidly connected at the rear 
most periphery to an annular stress relief groove at 
it inner periphery; 

(d) a plurality of longitudinal fin slots located at the 
rear section of said grain and extending radially 
outward from said bore; 

(e) a ballistic groove which is an annular recess into 
the central and rearmost part of the grain and fin 
slots for providing increased burn surface area, said 
ballistic groove being fluidly connected by its in 
nermost periphery to the outermost periphery of 
said stress relief groove, whereby said nozzle cav 
ity, said stress relief groove and said ballistic 
groove are not only fluidly connected over their 
entire respective peripheries but are serially spaced 
along the longitudinal axis of said propellant grain 
bore in an annular concentric orientation. 

2. The motor of claim 1 including 11 longitudinal fin 
slots. 

3. The motor of claim 1, wherein the propellant grain 
at the forward end of the motor is provided with a 
propellant burn inhibitor band. 

4. The motor of claim 1, wherein an insulator is posi 
tioned between the interior surface of said chamber and 
the exterior surface of said propellant grain. 

5. A rocket motor according to claim 1 wherein the 
diameters of the center bore at the forward end to the 
adjacent section immediately rearward is such that the 
final burn area is approximately twice that provided by 
a constant diameter bore in the forward section of the 
grain. 


